and immunological roles of the three distinct types of hemocytes, hyaline, small granular and large granular cells in black tiger shrimp Penaeus monodon were stud ied. The study of functions of these hemocytes in the elimination of injected yeast (Saccharomy ces cerevisiae) or Vibrio harveyi as foreign bodies showed a rapid response against those particles. Together with fixed phagocytes, the blood cells removed the yeast through the process of phagocy tosis, nodule formation and encapsulation, which occurred at almost all parts of the body. The injection of the yeast caused a marked reduction in the blood cell counts in the hemolymph during the first 1 h. V. harveyi was efficiently removed within 3 h after injection. The granular cells (small granular and large granular hemocytes) were the major blood cells that are associated with phenoloxidase activity. The role of hemocytes and fixed phagocytes on defense mechanism in the shrimp were discussed.
The black tiger shrimp Penaeus monodon is aquatic species of economic potential for Thailand and several other countries around the world. The intensive culture system of the shrimp currently practiced has led to a series of problems, for example, the degradation of envi ronment, wide spread of several diseases which seri ously affect the production efficiency and the harvests (Kautsky et al., 2000) .
The scientists from various research disciplines have worked to solve the problems in order to maintain the sustainability of the marine shrimp culture. The significance of the study of immune system and blood components in black tiger shrimp is the utilization of the information in the rectification of the problems that arise. The information are particularly important as indicators for the black tiger shrimp health.
The (4th day) and on the 7th, 14th and 28th days for the blood cell counts using a hemacytometer. The blood cell counts were performed at 1, 6, 9, 12, 48 h, 7th and 28th days for the control. The tissue samples were also col lected at each blood sampling and preserved in Davidson's fixative (Bell and Lightner, 1988) . The tis sues were processed for the preparation of permanent slides with hematoxylin and eosin (H & E) stain for the microscopic examinations. 3-9 h. The capsulation occurred between 24-48 h or longer where there were large number of blood cells sur rounding the foreign bodies (Fig. 5a ). Both the blood cells and fixed phagocytes were present in various tis sues such as lymphoid organ, hepatopancreas, heart and gills (Figs. 5b-c) .
The electron microscopy indi cated the absence of cytoplasmic granules in the fixed phagocytes, instead there existed large vacuoles, debris, and myelin figure that suggested the phagocytic activity and the formation of autophagic vacuoles (Fig.  6 ). The cells scattered in various tissues like heart, gills and digestive tract. 
Discussion
Morphology and types of blood cells in black tiger shrimp have been reported (Tsing et al., 1989; Sung et al., 1999; Van de Braak et al., 1996 , although the ultrastructure of the hemocyte types have scarcely been studied. Recently it has been suggested that the hya line cells are the young and immature hemocytes of both the large granular hemocytes and small granular hemocytes that are produced in the hematopoeitic tissue and released into the hemolymph (Van de Braak et al., 2002a) . The black tiger shrimp's blood cells are differ entiated into three cell types in the present study based on morphology, cell dimensions, structure of cell surface, sizes of nuclei and other cell components.
However, no indication of the hyaline cells as a stem cell for the small granular cells and the large granular cells was proven in this study.
The small granular and large granular cells were well capable of pseudopodia formation which was of lesser extent for the hyaline cells. In a prolonged pe riod, the process of degranulation or exocytosis occurred in the granular cells in which the granules totally disappeared.
Hemocytes of black tiger shrimp were smaller than those found in kuruma prawn (Kondo et al., 1998) and similar in size with others. The ultrastruc tures studied were similar in those three types of hemocyte reported in kuruma prawn and other species (Tsing et al., 1989) , for example, the electron dense deposited in the cytoplasm found in hyaline cells of black tiger shrimp was also observed in kuruma prawn (Bachere et al., 1995 , Kondo et al., 1998 . This struc ture was not found in small and large granular cells as well as fixed phagocytes.
With the injection of yeast cells into the shrimp, a marked reduction in the blood cell counts was noted within 1 h from the injection as a response against the invasion of foreign bodies.
The histopathological examination suggested that the reduction in the blood cell counts were the result of the phagocytic activity that eventually cause the formation of nodules and capsules which will be eliminated from the body. Upon the elimi nation of foreign bodies from the individuals, freshly pro duced blood cells are recruited into the system by 24 h after the injection.
Fixed phagocytes located at various organs also played an important role to eliminate the foreign bodies, thus it can be said that the tissues of almost all parts of the shrimp are capable of eliminating the foreign bodies. The histological studies revealed that there were several processes through which the foreign bod ies were eliminated. Such processes are phagocytosis, nodule formation and encapsulation. Three types of blood cells and fixed phagocytes are key components in all these processes.
Fixed phagocytes in kuruma prawn were identified into 2 types, one located in the l ymphoid organ and the other in the heart tissue (Kondo et al., 1998) . In P. monodon injected with Vibrio, elec tron microscopy revealed the presence of many phago cytic cells that morphologically resemble small granular hemocytes (Van de Braak et al., 2002a) . In the present study fixed phagocytes were not identified in detail but they were found through all organs but very little and with less activity in the muscle and nerve tissue.
Phenoloxidase activity from the hemocytes of black tiger shrimp was abundantly found in the granular hemocytes and less activity in hyaline cells and serum. This finding coincides to those reported in black tiger shrimp studied by Sung et al. (1998) and other penaeid shrimp such as Sicyonia ingentis, P. paulensis and P. japonicus (Hose et al., 1992; Seqaeira et al., 1995; Perrazzolo and Barracco, 1997; Kondo et al., 1998) as well as in other crustaceans, Astacus astacus, Procambarus clarki, Pacifastacus leniusculus and Macrobrachium rosenbergii in which the phenoloxidase activity was found in the granular hemocytes (Smith and SoderhUall, 1983; Johanson and Soderhall, 1985; Lanz et al., 1993; Sung et al., 1996) The phagocytic activity may vary from species to species as reported by Paterson and Stewart (1974) who noted the phagocytic activity of 20% in lobsters and 26% in black tiger shrimp. The black tiger shrimp's blood also showed 98.2% clearance ability against V. harveyi within 3 h in healthy shrimp or the shrimp from under proper management of the farms. Van de Braak et al. (2002b) also reported the hemocytes and lymphoid organ plays an importance role to remove the bacterial cell from blood circulation in black tiger shrimp (P. monodon). Sritunyaluksana (1995) reported similar results in black tiger shrimp that the whole blood had higher clearance activity with over 80% in the elimination of bacteria while the separated blood cells had lower of 46% and even less of 5% in separated serum. It indi cated that the blood components including humoral and cellular components as well as fixed phagocytes had an important roles in the phagocytic activity. In kuruma prawn it was also found that serum enhance the phago cytic activity (Kondo et al., 1992) . The phagocytic activity, however, also depends on shrimp culture condi tion, for example shrimp exposed to low oxygen level and infectious disease exhibited low phagocytic activity (Supamattaya et al., 2000b) .
